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Nuclear Data and Measurement Series

The Nuclear Data and Measurement Series presents results of studies in the field of
microscopic nuclear data. The primary objective is the dissemination of information in the
comprehensive form required for nuclear technology applications. This Series is devoted to: a)
measured microscopic nuclear parameters, b) experimental techniques and facilities employed in
measurements, ¢) the analysis, correlation and interpretation of nuclear data, and d) the evaluation
of nuclear data. Contributions to this Series are reviewed to assure technical competence and, unless
otherwise stated, the contents can be formally referenced. This Series does not supplant formal
journal publication, but it does provide the more extensive information required for technological
applications (e.g., tabulated numerical data) in a timely manner.
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Abstract

The simultaneous evaluation of the cross sections of °Li(n, «), °Li(n,n), "B(n, ), '’B(n,a,),
1YB(n,n), *Au(n,y), Z*U(n,y), **U(n,f), **Pu(n,f), and ***U(n,f) and the thermal constants was part
of the evaluation of these data for ENDF/B-VI. The FORTRAN codes and the data files used for the
simultaneous evaluation are documented in the present report. Corrections for some data reported
in the literature and the addition of several new data sets results in negligible changes except for the
fission cross sections where minor changes occur relative to the evaluation for ENDF/B-VI.

* This work was supported by the U.S. Department of Energy, Energy Research Programs, under
Contract W-31-109-Eng-38.







I. Introduction

Evaluations of interaction cross sections for the Evaluated Nuclear Data File (ENDF)' prior
to version ENDF/B-VI were often based on subjective judgement about existing experimental data.
The technique employed, in some cases, involved drawing a smooth curve through a plot of available
experimental values which, more often than not, displayed substantial discrepancies. In addition, these
evaluations were hierarchical in nature since the lighter element interaction cross sections were
evaluated first and independently of existing ratio measurements to cross sections of heavier elements,
for which absolute data existed as well. The prior evaluated light element cross sections were used
in order to convert the ratio measurements to additional cross section data for the heavier nuclei
evaluations. However, if two experimental values are available, one for a light nuclei interaction cross
section (e.g. '?B(n,) ) and one for a heavy nuclei cross section (e.g. 2*U(n,f) ), then an additional
measurement of the ratio of the two cross sections should be utilized in an evaluation of these data
such that the ?U(n,f) cross section influences the evaluated '°B(n,a) cross section and the
experimental '®B(n, ) cross section influences the evaluated 2°U(n,f) cross section.

The history of the ENDF/B-VI evaluation of the standards and other important neutron
interaction cross sections goes back to substantial criticism voiced against subjective procedures used
in the evaluations of some cross sections for prior versions of ENDF, as indicated above. In response,
a conference on Nuclear Data Evaluation Methods and Procedures' was held at Brookhaven National
Laboratory in 1981% It was demonstrated at this conference that a simultaneous evaluation of
interrelated nuclear cross sections of a vector space of ~ 1000 with generalized least-squares (GLS)
was feasible with the available computer technology’. However, use of GLS alone for all the
standards would have ignored valuable information, specifically data for charged particle channels,
angular distributions, and polarization for reactions leading to "Li and ''B, data which are applicable
via R-matrix theory*. Subsequently it was shown that the results from a GLS evaluation and from
separate R-matrix parameter fits of the “Li and ''B systems can be combined in order to derive final
results for all cross sections involved®. The Standards Subcommittee of the Cross Section Evaluation
Working Group (CSEWG) then decided to perform the evaluation of the standards and other
important cross sections for ENDF/B-VI by using these objective techniques. This 'Global Evaluation'
has been discussed at various occasions (e.g. Refs. 6,7) and is shown in schematic in Fig. 1. The
evaluation of the standards was documented in Ref. 8. The present report documents the data base
and the FORTRAN codes used in the GLS part of the global evaluation. Program changes and
funding restrictions have delayed this documentation for eight years. However, it was considered
important to document the data file and the associated programs in order to facilitate later updating
of the evaluation resulting from added new and/or corrected experimental data. The various computer
programs associated with the evaluation have changed from original punched-card to magnetic-tape
to hard-disk based operations.




H(n,p) Thermal Parameters
Ref 11 Ref.9

l !

GMA - Simultaneous Evaluation
Ref'3

EDA R-Matrix Analysis
Ref 4

Parameters: °Li(n,t), °Li(n,n), °B(n, ),
"B(n,a,), ’B(n,n), *"Au(n,y), **U(n,),
B5U(n,f), *U(n,f), and *°Pu(n,f) cross
sections on an energy grid or energy interval

Parameters: Two sets of R-matrix
parameters.

Data: Total cross sections, angle-integrated

and differential cross sections, polarization
and inverse reaction data of the Li and ''B
systems.

averages, thermal constants, and
normalization constants of shape data sets.

Data: Absolute cross sections and ratios,
total cross sections, shape data, and fission
spectrum integral data.

| |

Co_mbination Procedure
Ref'5

|

Cross Section Smoothing

Fig. 1. Schematic of the Global Evaluation for ENDF/B-VI

II. The Generalized Least-Squares Fit

The method of least-squares estimation of a number of parameters, over determined by a
larger number of experimental data, was devised by Gauss and independently by Legendre nearly 200
years ago. The Gauss-Markov theorem is the proof that the least-squares estimator is an unbiased
estimator with minimum variance. The method was extended (generalized) to correlated data by
Aitken. The Fortran code developed for the evaluation of the standards and other important cross
sections was named after Gauss, Markov and Aitken: GMA. Associated codes are RCL (which is
used to edit, list and expand the basic data file GMDATA.CRD) and DAT (which is used to reduce
the cross section data to a common energy grid). The use of the programs and files is indicated in
Figs. 2, 3 and 4.
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GMDATA.CRD

RCL.INP

This is the file of the experimental data.

The file which contains options, parameters,
and data for editing and listing of, and adding
to GMDATA.CRD.

|

|

RCL.F

GMDATA.CRD

Reads, copies, lists and edits

l

l

RCL.RES

RCL.LST

This is the modified basic data file which
should be renamed GMDATA.CRD.

This is the file which contains listings of data
sets, or the data file, as requested with
options set in RCL.INP.

Fig. 2. The FORTRAN Code RCL.F and its Input and Output Files.

GMDATA.CRD

DAT.INP

The current basic data file.

This file contains the a priori and options.

|

|

DAT.F

This code reduces the cross sections
of the original data sets to the energy
grid of the a priori.

{

!

DAT.RES

DAT.LST

This file becomes the input file for the least-
squares fit. Rename to DATA.GMA.

This file is a listing of DAT.RES and may
contain additional notes and warnings. |

Fig. 3. The FORTRAN Code DAT.F and its Input and Output Files.
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DATA.GMA

This input file for GMA.F is obtained as
the result of running DAT.F.

l

GMA.F

This is the generalized least-squares
evaluation code.

| !

GMA.RES PLOT.DTA

This file contains the listing of input and the This file only contains the result of the
result of the evaluation. The extent of the evaluation.
output can be chosen by the user.

Fig. 4. The FORTRAN Code GMA.F and its Input and Output Files.

These codes were developed for the specific evaluation of the standards and other important
cross sections. They evolved during the time of the multiple steps of the global evaluation process
outlined in the introduction. Therefore, it may be difficult to use these codes for other least-squares
problems, e. g, cross section names and energies were carried along as labels though they are not part
of the actual formalism. Provisions were only made for data types which are in the data base (see
Table 2). Specific decisions are made in the codes which are valid only for the parameters and
measurement types involved in the present evaluation.

II.1 Parameters

The principle objects of the evaluation were the cross sections of Li(n,t), °B(n, a,), *°B(n, ),
197 Au(n,y), and 2SU(n,f), which are standards, and **U(n,v), Z*U(n,f), and **Pu(n,f) which are of
interest for nuclear energy applications. The latter are often interrelated through measurements with
the former and independent measurements are available for them because of their practical
importance. (Note that the *B(n, &,) cross section is not considered a standard, but **B(n, ot ,) is
a standard.®) The Li(n,n) and °B(n,n) cross sections were added to the parameter set in order to
utilize total cross section data for these nuclei, and also because of their involvement in the R-matrix
fits. Low resolution smooth cross sections were defined as parameters for an energy grid above 20
keV which was identical for all cross sections. However, the high energy termination of the parameter
space differed for the various cross sections. The energy grid was chosen to represent gross structure
of the various cross sections in sufficient detail. Decimal energy interval averages of the heavy nuclei
cross sections have been used as parameters between 0.1 and 20 keV and labeled with their center
interval energy. E. g, 3.5 keV indicates the average over the 3 to 4 keV range. The integral over the

12



7.8 to 11 eV range of the ®*U(n,f) cross section is involved in the normalization of several
measurements and was included as a parameter labeled with 9.4eV. The thermal constants of the
fissile nuclei (O, Gpy> Opm 85 8 and v-bar of *U, #°U, *Pu, *'Pu and the v-bar value of *’Cf)
were included as parameters because many measurements of the fission cross sections of **U and
2%y were normalized at thermal energy. The results for these parameters and their covariance matrix
from an evaluation by Axton’ were used as input data for the GLS fit. The normalization constants
of all the shape data sets become further parameters of the fit. The parameters are summarized in

Table 1.

Table 1. Parameters of the Simultaneous Evaluation (Status for ENDF/B-VI)

Cross Sections ID Energies Number of
Parameters
Li (n,t) 1 thermal, 9.4 eV, and 80
(nn) 2 0.00015 to 2.8 MeV 80
g (n,o,) 3 70
(naal) 4 70
(n,n) 5 70
¥TAu (n,y) 6 69
2y (n,y) 7 thermal and 75
0.00015 to 2.2 MeV
By (n,f) 8 thermal, 9.4 9.4 eV, and 111
0.00015 to 20.0 MeV
Py (n,D) 9 thermal and 109
0.00015 to 20.0 MeV, not
0.235 MeV
28 (n,9 10 1.0 to 20.0 MeV 42
Thermal Parameters thermal 23

{ o(n,f) of ®°U and *°Pu
already included above }

Normalization constants all energies 136

Total 935

13



I1.2 The Basis for GMA

The adjustments on the a priori vector of the parameters are obtained from the normal
equations

3 = (ATCy'A)'ATCy'M

where 0 is the adjustment vector, A is the coefficient matrix, C is the correlation matrix of the
measurement vector M, superscript T denotes the transpose, and -1 the inverse matrices. The
variance-covariance matrix of & follows from error propagation:

C, = (ATCy'A)".

The formalism is given in many textbooks (see e.g. Ref. 13). Specific transformations involved
in the code GMA are described in detail in Ref3. The more than 10 000 data values in the
experimental data file result in a measurement vector of size m ~5500 after reduction to the chosen
energy grid. The covariance matrix has the size m - m, and the coefficient matrix has the size m - n,
where n is the number of parameters ( 935). At the time of the Brookhaven conference?, the storage
and matrix inversion of such systems appeared near impossible and certainly cost prohibitive.
However, it was shown in Ref. 3 that after reordering the data file such that correlated data sets are
consecutively arranged in sub-blocks, the correlation matrix consists of smaller squares on the
diagonal, with the rest of the matrix filled with zeros. It is well known that the inverse of such matrix
has the same structure as the original matrix with the squares on the diagonal consisting of the
inverses of the original squares. Thus the product (ATC,'A) can be obtained from additive
contributions from each correlated data block. This has been discussed in detail in Ref. 3.

1. Data Types, Relations and the Data File Structure

Setting up the coefficient matrix, the correlation matrix and the measurement vector, A, C,
and M as defined above, requires that the data file contains certain information. Some of the
requirements are discussed below. Data file requirements were also discussed in Ref. 12. The
structure and formats of the data file are defined in Appendix A. The content of the data file is given
in Appendix E. '

II1.1 Data Types

Various types of data can be the result of a neutron cross section experiment. The
measurement of an 'absolute' cross section at one or more neutron energies requires the
determinations of the neutron flux, the sample mass and detection efficiency. A cross section 'shape'
is the energy dependence of a cross section with undetermined normalization. Shape data can be
arbitrarily normalized for the evaluation without affecting the result. Often cross section ratios have
been measured based on the assumption that one of the cross sections was well enough known to
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derive the other. The advantage of such measurements is that the determination of the neutron flux
is not required. Ratio measurements can be absolute or of the 'shape' type. Other measurements
produce the sum of cross sections which again can be absolute or shape data. A transmission
measurement results in a total cross section which is the sum of partial cross sections. The advantage
of a transmission measurement is that absolute cross section values are obtained without requiring
any neutron flux measurements.

Another type of data is an absolute cross section averaged over a neutron spectrum. Such data
are useful contributions for the normalization of cross sections if they are insensitive to the shape of
the neutron spectrum. This is the case for the neutron induced fission cross sections of **U and **Pu
averaged over the neutron spectrum of the spontaneously fissioning ***Cf (SF). Such values are
valuable additions to the data base because different techniques are applied for the neutron source
strength measurements than in other neutron flux determinations. The various types of data used in
the GLS evaluation are listed in Table 2. Each data type requires different entries in the coefficient
matrix (see Ref. 3), thus the data type (MT") has been specified in the data file.

Table 2. Data Types Used in the Simultaneous Evaluation

MT Data Type Example
1 Absolute cross section : o, (*°0)
2 Cross section shape co, . (°Li), c unknown
3 Absolute cross section ratio o, {Z*U)/ 0, (*°U)
4 Ratio shape c-o,{*’Pu)/o, (°Li)
¢ unknown
5 Sum of cross sections 0,o(°Li) = 0,,,(°Li) +
0,,(Li)
6 Spectrum averaged cross section 0. {*°Pu), Av. *Cf SF
7 Absolute ratio of cross section vs. sum of cross o,,(**U)o,,(B)
sections 0.0 = 0ot Opay
8 Shape of type S data
9 Shape of type 7 data

15



I11.2 Originally Measured Quantities

Data listed in journal publications and reports or available from nuclear data file libraries are
frequently not the originally measured quantities. The experimenters/authors may have measured a
cross section ratio but converted it to cross sections using some reference cross section. Data used
to derive this reference cross section may also be in the data base. Other cross sections may have used
the same reference cross section. Thus the same data (and their errors) would be in the data base
more than once and carry undeserved weight. Many reported data were the result of measurements
of the shapes of cross sections or cross section ratios including thermal energy. The data were then
normalized with the supposedly well known thermal cross sections. However, the normalization
should be determined by all absolute data and the associated uncertainty and correlation information.
Another common procedure was to measure a cross section or ratio shape in segments and
subsequently to normalize these fragments in overlap regions to one-another. However, the
normalization of each segment should be determined by all available data and, depending on
uncertainties and correlations, might be quite different than that resulting from the procedure used

for the reported data.

In order to properly use the data in this database, the originally measured quantities have been
reconstructed to the extent possible. Unfortunately not all publications state what reference cross
sections or normalizations were used. In case of the normalization of a data set to an external absolute
cross section value (e.g. at thermal energy), the simple and exact solution was to declare the data as
a shape measurement. However, if an undefined energy dependent reference cross section was
involved, the problem was more complex. It occurred most often in the context of measurements
relative to the '°B(n,a) cross section. The assumption was made that a 1/V shape had been used for
early measurements and the evaluation by Sowerby'® was used for later measurements. For more
recent measurements, converted with unspecified reference cross sections, the use of standards of
ENDF/B versions was assumed. Data measured relative to the H(n,n) cross section were
renormalized to the ENDF/B-VI version'!,

II1.3 Uncertainties and Correlations: Data Sets and Data Blocks

The basic data unit is a data set which consists of one to m data values at different energies
which are all of the same data type. A data set also contains associated uncertainty and correlation
information and data set specifications. Uncertainties can be 'normalization' uncertainties (e.g. the
sample mass), which exist only for absolute data (MT =1, 3, 5, 6, and 7), or they can be energy
dependent uncertainties (e. g. statistics, background, etc.). The values in a data set having more then
one value are usually correlated. The normalization uncertainties of absolute data contributes to the
correlation coefficients between any two energies with the square of their size, whereas the statistical
uncertainty does not contribute to the correlation except that it reduces correlation by contributing
to the total uncertainty. Other energy dependent uncertainty components contribute to the correlation
between two energies (E,,E,) by the product of their sizes and two factors which have been
introduced in order to reduce correlations at more distant energies. These factors are determined from
three parameters, a, b, and c, given in the file. The factor at E, is given by a+b. The factor at E, is
calculated as a+b(E,), with b(Va:c'E,) = Vo'b. Parameter values of a=b = ¢ = 0.5 are used as default

16




values. A data set is identified with a data set number. Data sets and uncertainty components can be
'tagged' in order to investigate the effect of some classification (e. g., one could tag all preliminary
data with one number and then see what effect the down weighting of these data has). However, the
tags have not been set in a consistent manner and have not been used for the evaluation of ENDF/B-
VL

Several data sets might be correlated because of the use of common elements in the
measurements (e.g. the same sample mass or the same neutron detector). Such correlated data sets
are contained in a 'data block'. The cross correlation between the data sets is specified for each data
set by identifying the data set number of each preceding correlated data set and the indices of the
uncertainty components which are correlated. Factors (< 1.0) are given in order to permit a reduction
of the strength of these cross correlations.

II1.4 Data Selection and Status of GMDATA.CRD

The evaluation of a set of parameters ideally would be based upon all available experimental
data for these parameters or combinations thereof. A majority of the data have been included in the
data file (see Appendix E). However, problems with the definition of some data sets could not be
resolved and they are not yet included. Data for some measurements could not be obtained. Some
older measurements were left out, because their large uncertainties would be expected to result in a
negligible effect on the outcome. Some data with gross discrepancies were left out as well
Improvements, additions and changes to the data file can easily be made with the data set editing and
data addition options of the code RCL.F (see Fig. 2 and Appendix B).

Corrected data have been reported for some data sets used in the ENDF/B-VI evaluation
since the conclusion of the evaluation. The corresponding data in the file have been replaced. New
data available in 1992 have been discussed in Ref. 14 and some of these new data sets have been
added to the data file. The more recent resolution of the 2*Pu(n,f) cross section discrepancy'>*® has
been incorporated by including the new data set of Ref. 15 and by removing the thermal cross section
from the older data set. Data replacements and additions are indicated in the comments columns of
the tables of Appendix E.

A comparison has been made between the results obtained with the old data file (as used for
the evaluation of ENDF/B-VI) and with the current updated data file. The differences are negligible
for most cross sections and in most energy regions. The reason is that the updated and new data are
outweighed by the large number of other data sets available in these regions. Specifically, there are
negligible changes for the '°B cross sections and the *°Pu(n,f) cross section below several hundred
keV. The new data either agree with the evaluation for ENDF/B-VI or have uncertainties too large
to affect the outcome. The changes for the fission cross sections are shown in Figs. 5 - 7. At most
energies these changes are minor (small compared with the uncertainties), except for the energy range
13-16 MeV. These changes are caused by major revisions of data, as indicated in Ref. 17, and some
new data. The largest change is for 2*U(n,f) at 14.5 MeV which affects 2*U(n,f) and *’Pu(n,f) due
to strong correlations caused by numerous ratio measurements.
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Fig. 7. Differences for 238U(n,f)
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IV. Data Reduction with DAT.F

The original file of the experimental data contains cross section measurements made with
different energy scales. In order to facilitate the use of ratios (and sums) of cross sections a common
energy grid has been used for all cross sections, though not all cross sections are parameters at all
energies. The data reduction is achieved with the code DAT.F. The experimental data are
extrapolated to the energy grid using the shape of the a priori cross sections. For an energy grid
sequence E, |, E;, E,, all data within (E,, + E))/2 and (E, + E,,,)/2 are extrapolated to E;. The value
of the quantity (cross section, ratio, etc.) and the systematic uncertainty components at the grid
energy are obtained as the weighted averages if more than one experimental value contributes. A
reduced statistical uncertainty is calculated, based upon assumed counting statistics. The procedure
has been described in Ref. 3. The user is requested to specify a multiple of the standard deviations
by which an experimental value is permitted to deviate from the a priori until it is down weighed as
discrepant. All other input is given in DAT.INP. The file requirements for the code DAT.F are
described in Appendix C (see also Fig. 3).
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Concluding Note
The data files and the FORTRAN source codes will be available from the National Nuclear

Data Center, Brookhaven National Laboratory, Upton, NY 11973; and the Radiation Shielding
Information Center, Oak Ridge National Laboratory, P. O. Box 2008, Oak Ridge, TN 38831-6362.
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Appendix A: Data File GMDATA.CRD - Structure and Formats

The data base for the simultaneous evaluation of the standards and other important cross
sections is the file GMDATA.CRD. Its original structure was determined by the limitations of
punched data cards. This format has been retained for the data file now in use, however the card is
referred to as a line in the following description. An interpretive listing of the file can be obtained with
the code RCL.F. The data file consists of data blocks which end with the line EB. A data block
contains one or more data sets. A data set ends with the line ES if it is not at the same time the end
of a data block, in which case it ends with EB. The end of the file is indicated with a data set number
of 9999. Thus the structure of the file is:

Data set
ES
Data set
EB
Data set
EB

etc.

Data set
EB
9999

The structure and formats of a data set are as follows:

1. Line

NR NY (NQT(I),l=1,12) (NAU(K),k=1,14) (NREF(i),i=1,10)
1414 12A2 14A2 10A2

where NR  is the data set number
NY s the year of the measurement or publication date
NQT is a label of the type of measured quantity
NAU is a label of the authors of the publication
NREF is a label for the reference of the publication
(for a more detailed reference see Appendix E.)

note: NR, NY have or may have operational or reference use and should be correct.
NQT,NAU, and NREF are for label purpose only.
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2. Line

NQ NT NCO NCS NCCO NO (NID(l),l=1,5)
2R 2121315 3I3

where NQ is a data set tag which may be used for selective purpose
MT is the ID for the type of quantity of the data set (see Table 2)
NCO is the source of the correlation matrix
NCS is the number of preceding data sets for which correlations are given
NCCO is the number of comment lines
NO is the number of data values
NID are the ID's of the parameters involved for the given quantity (see Table 1)

note  All entries have or may have operational or reference use and should be correct

Lines 3.01 to max. 3.50 ( NCCO Lines)

(NCOM(Lk),1=1,40)
40A2

where NCOM  are comments

4. Line ( not used for shape data: MT=2.4.8.9)

(ENF(1),I=1,10) (NENE(I),l=1,10)
10F5.1 1013

where ENF  are the normalization uncertainty components in %
NENF are tags for these components

Lines 5.01 to 5.11 and line 5.12

(EPA(LK),I=1,3),k=1,11)
3F5.2

(NETG(k),k=1,11)
1113

where EPA  are parameters for the energy dependent uncertainty components
NETG are tags for the energy dependent uncertainty components
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Lines 6.001 to max 6.399 ( No. of Lines of data )

E(k) Sk) (F(Lk),I=1,12)
E10.4 E104  12F5.1

where E(k) is the energy of the k.th data value
S(k) is the k.th data value
F are the E-uncertainty, E-resolution, statistical uncertainty, and systematic
uncertainties

note E is a dummy entry for spectrum averaged values ( NT=6).
F(12,k) is the total uncertainty calculated in the programs RCL and GMA.

Lines 7.01 to max 7.20 ( NCS Lines ). only if more sets than one are in the block

NCST(k) (NEC(1,Lk), NEC(2,Lk),I=1,10)
I5 2012

where NCST(k) is the data set number of a set preceding the current data set in the same data
block with which correlations exist
NEC are uncertainty component pair indexes (present set, preceding set) which are
correlated

note The NEC pairs given for the normalization uncertainty components are identical to their
indexes, for energy dependent uncertainty component pairs 10 must be added to the index,
e. g, if the 4.th energy dependent uncertainty component of the preceding data set correlated
with the 5.th of the present data set, the entry for the pair would be 15 14.

(FCFC(Lk),I=1,10)
10F5.1

where FCFC  are correlation strength reduction factors for the correlated pairs (<1.0).
Lines 8.01 to max 8.30 ( NCO Lines

(ECOR(k,1),1=1,k)
108.5

where ECOR is the lower triangle of a given correlation matrix of the data block, the diagonal 1.00
included.
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Last Line
NQQ
A2

where NQQ is ES or EB as discussed above for terminating a data set or a data block.
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Appendix B: Input Description for RCL

The FORTRAN program RCL.F can be used to list the basic GMA data file GMDATA.CRD.
It also can be used to add data sets and/or data blocks to this file, insert the uncertainty and
correlation information and add comments. The program reads the file GMDATA.CRD and lists to
the file RCL.LST. The edited and/or appended data file is written to the file RCL RES which should
be renamed as the new file GMDATA.CRD. All listing and/or editing instructions, parameters and
data are contained in the file RCL.INP. Control options are given in the following tables.

GM Reading, Copying and Listing of the GMDATA.CRD File.

Control Command

GM N1 NX

(A2,11,15)

GM2 NX Copy the file to (and including) data set NX (which may be the last
set in a data block) and prepare to add one or more data sets to this
block.

GM3 NX Copy the file from the data set following the set NX (NX excluded)
to the end of the file.

GM4 Copy the file from the first data set to the last data set and prepare to
add one or several new data blocks.

GMS5S NX Copy the file up to data set NX and read the next data set for editing.

GM6 List the present data set.

GM7 NX Find, read, and list the data set NX. If NX = 0, all data sets of the file

GM7 will be listed.

GMS List the library (short form of the data set listing) of the file.

GM9 NX Write the present data set to the file as one set in a block (NX = 1),
or as the last set of a block (NX = 2).

Note: The command EF may be required after some of the GM commands
in order to close the file.
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DI Data input with selected (preprogrammed) formats.
Control Command
DIN1 (A2, 11)
DI1 Data in the ANL76 and ANL83 conference format. Other formats
must be programmed for other N1 values.
CO Input of comments.

Control Command
CO N1 NX (A2, 11,
I5)

CO2 Input a new set of comments. The control command is followed by a
maximum of n = 50 lines of 40A2. If n<50 the last terminating line
should be E*.

CO3 Add comment lines to previously stored comments.

CO4 NX Replace the comment line NX. Note: the file listing provides a

numbering of the comments.
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AU

Add/construct uncertainties.

Control Command
AU N1 NX (A2, 11,
I5)

AUl NX

‘Set or reset the energy dependent uncertainty component NX. The

uncertainties are a linear interpolation between the uncertainties at
the lowest and highest energies of the data set. The control command
must be followed by:

T1, T2 (2F5.1)
which are the uncertainties at the min./max. energies in percent.

AU2

Input of the normalization uncertainty components, followed by
required input:

Nr, Tag, % (212, F5.2).
The maximum is 10 components. If n<10 the terminating line is with
Nr=0.

AU3

Input of energy dependent uncertainty components given as
interpolation intervals. Input is

Nr, Tag, Three correlation parameters (212, 3F5.2)

E, % (E8.2,F5.2)

E, %

E, %
Terminate with E,, = 0.0.
Up to 10 interpolation intervals are permitted for up to 10
uncertainty components. Terminate with Nr = 0 for <10.

AUS NX

Designates uncertainty component NX as statistical error component.
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CC

Cross correlation information input.

Control Command
CC (A2)

CC

Cross correlations of a data set with other data sets preceding the
present set within the same data block can be given. Required input
following the control command:

Preceding data set Nr, present uncertainty component index,
preceding uncertainty component index (IS5, 2013)

Correlation strength factors for each pair of uncertainty components.
(10f5.1)

The latter factors should be < 1.0 and can be used to reduce the
correlations as given by the uncertainty components.

Correlations with up to 10 preceding data sets can be given for up to
10 uncertainty component pairs. Termination is achieved by setting
the preceding data set Nr = 0.

Note that the index Nr's for CC are 1 - 10 for the normalization
uncertainties and 11 - 21 for the energy dependent uncertainties.

CC2 NX

Replace or add correlation information with index Nr NX.

CC3 NX

Replace the correlation strength factors for index Nr NX.

DS

Data set specifications.

Control Command
DS N1 (A2, 11)

DS1

Input of all data set specifications

Data set Nr, Quantity label (IS, 12A2)

Year, Tag, Type(Tabl.2), Param. ID's (Tabl. 1) (IS, 712)
Authors (14A2)

Reference (10A2)

DS2

Change of Set Nr, Quantity label (IS, 12A2)

DS3

Change of Year, Tag, Type, Param. ID's (IS, 712)

DS4

Change of Authors (14A2)

DS5

Change of Reference (10A2)

Note

DS2 - DS5 are used for editing an existing data set.
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Control Commands | Miscellaneous Commands
NS (A2) Clear all data and data set information. Use before DS.
EF (A2) Write file-end for RCL.RES.
SP8 (A2, I1) Stop, provides for orderly termination of the program.
TG NI (A2, I1) Reset data set tag to N1.
RN Input of renormalization constants for shape data sets as determined
by GMA.
Example 1

The following example of the file RCL.INP will cause RCL to copy GMDATA.CRD up to
and including data set 756 (GM2 756), then set up a data set 991 which is correlated with data set
756. First, all data set information is cleared (NS), then the data set specifications established (DS1),
then the data are given (DI1), then 3 comment lines are given (CO2), a fourth comment is added
(CO3) and the third comment line is replaced by a new comment (CO4  3). Next, the 4.th and 5.th
energy dependent error components are established by the given interpolation intervals (AU3). The
third energy dependent error component is declared as the statistical uncertainty (AU5  3). Cross
correlation with set 756 is between the 4.th error component of set 756 and the 5.th error component
of set 991 (CC). The set 991 will be written after set 756 as the last data set in this data block (GM9

2). The rest of the data sets of the original file will then be copied (GM3 756), after which the end
of the file will be written (EF) and an orderly exit achieved with SP8.

GM2 756
NS
DS1

991B(n,al)/B(n,a0+al),shape

199929434
N.M.Doe
J Fantasy 5,629
DIl
0.1435E+010.0000E+000.0000E+000.2053E+010.0200E+000.0100E+00
0.2435E+010.0000E+000.0000E+000.2553E+010.0200E+000.0100E+00
0.3435E+010.0000E+000.0000E+000.3553E+010.0200E+000.0100E+00
0.4435E+010.0000E+000.0000E+000.4053E+010.0200E+000.0100E+00
0.0
CO2
UNCERTAINTIES
3 STATISTICS
4 SCATTERING
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E*
CO3
5 TESTADD
E*
CO4 3
4 SCATTERING + BACKGROUND
AU3
420.500.500.50
0.10E+01 1.20
0.30E+01 2.50
0.50E+01 5.00
0.0
520.500.500.50
0.10E+01 1.20
0.30E+01 0.50
0.50E+01 1.00
0.0
0
AUS5 3
CcC
756 4 5
0.8
0
GM9S 2
GM3 756
EF
SP8

Example 2

This example of the file RCL.INP will cause the file GMDATA.CRD to be copied in its
entirety, and a new data block will be added which consists of one data set with set number 992.

GM4

NS

DS1
99210B(n,al)
19992 1 4

N.M.TESTI

REFERENCE

DI1
0.1435E+010.0000E+000.0000E+000.2053E+010.0200E+000.0100E+00

0.2435E+010.0000E+000.0000E+000.2553E+010.0200E+000.0100E+00
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0.3435E+010.0000E+000.0000E+000.3553E+010.0200E+000.0100E+00
0.4435E+010.0000E+000.0000E+000.4053E+010.0200E+000.0100E+00
0.0

CO2
UNCERTAINTIES
3 STATISTICS

4 SCATTERING
E*

AU2

111.20

21085

0

AU3
420.500.500.50
0.10E+01 1.20
0.30E+01 2.50
0.50E+01 5.00

0.0 -

0

AUS 3

GM9S 2

EF

SP8
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Appendix C: Input Description for DAT

The purpose of the FORTRAN program DAT F is to prepare the input file for the generalized
least squares fitting program GMA F. DAT first requests the operator to specify the number of
standard deviations any data value is permitted to differ from the a priori. This feature will reduce the
effect of discrepant data, improves the x and should only be used after substituting the a priori with
the result from a prior evaluation step. DAT reads the parameters from the file DAT.INP and
transfers those needed by GMA to the file DAT RES. The first and last values of the a priori of each
cross section are not parameters of the evaluation but are needed by DAT for the extrapolation
procedure. The controls transfered to the input file for GMA are explained in Appendix D. DAT then
reads the data sets from the file GMDATA.CRD and extrapolates the measured cross sections to and
averages at the energy grid points as defined by the a priori cross sections. These processed data sets
are added to the file DAT RES with appropriate delimiters for data sets and data blocks.
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Appendix D: Input Description for GMA
The input file for the FORTRAN code GMA FTN is DATA.GMA which is the renamed result
of DAT.F. DATA .GMA contains a number of control codes which are copied or produced by
DAT.F. The format for these controls is:
CONT MC1MC2 ...... MC8  A4,8I5,

where

CONT = APRI indicates the a priori cross sections.

MC1=NE is the total number of parameters.
MC2 =NC is the number of parameter types (cross sections) involved.

APRI is followed by the a priori as transferred by DAT.

CONT =1/0C is the output control which limits the amount of information written to the
result file GMA RES.
MC1 # 0 the a priori cross sections will be listed. -

MC2 # 0 the input data will be listed.
MC3 =0 the correlation matrices of the data blocks will be listed.

MC4 = 0 the B = ATCA matrix product will be listed.

MCS #0 the inverted correlation matrix of a data block will be listed.

MC6 = 0 the correlation matrix of the result will be listed.

MC7 # 0 additional information for checking the code will be listed.

CONT = FIS* controls the fission spectrum required for the fission spectrum averaged cross
sections.

MC1 # 0 input of ENFIS(k), FIS(k) (2E13.5), ending with 0.0, where ENFIS are the

energies of the a priori of one of the fission cross sections for which data exist
and FIS is the product of fission flux and bin width.
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MC2
MC3
CONT =ELIM
MC1
CONT = MODE
MC1 =1
=3
MC2 =0
=1
=10
>1000 -
MC
MC4
CONT =DATA
MC1=NS
MC2 = MT

is the average energy of a Maxwellian fission spectrum in keV (for MC1=0).

is the id of the cross section for which the energy grid is used (for MC1=0).

controls the exclusion of data sets from the evaluation.

number of data sets to be excluded. The data set numbers follow the ELIM
with format 1615.

controls correlation matrix construction and weighing options.

input of the correlation matrix.
all data are considered uncorrelated (for testing).
construction of the correlation matrix from the error components and

correlation information given on the file.

no down weighting of any data set.
data sets with data set tag numbers # 1 will be downweighted.
down weighting of specified data sets, the data set numbers follow the MODE

line in format 16I5.

data sets from a year before the given value will be down weighted.
10*factor for multiplying uncertainties (down weighting, if used). e. g., if
down weighting is chosen with MC2 and MC set to 40, all error components
will be multiplied with a factor 4.0.

controls the number of repetitions of the LS fit with the a priori replaced by
the result of the previous fit.

precedes a data set.

is the data set number.

is the type of measurement.

MC =NCOX if # 0, the correlation matrix is given. This is an exception for the thermal constants,
where the matrix is given for the data block.

MC4 =NCT

is the number of cross section types involved in MT.

MC5MC6MC7 are the ID's of the cross sections.
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MC8 = NNCOX uncertainties will be divided by a factor of 10. This is an exception for the
thermal constants where the uncertainties had been multiplied by a factor of
10. This procedure was required in order to preserve the exceptional precision
of the thermal constants.

CONT =BLCK precede and end a data block.
= EDBL

CONT = END* indicates the end of the data file and initiates the least squares fit.
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